Abstract: A variety of chemical and physical procedures could be used for synthesis of silver nanoparticles. However, these methods are confronted with many problems including use of toxic solvents. A green method for silver nanoparticles synthesis using dittrichia viscosa leaves extract is proposed. This plant is available in abundance on the coastal Mediterranean countries can replace polyvinylpyrrolidone conventionally used in the synthesis of silver nanoparticles. Polyol method (reflux heating) was used for silver nanoparticles synthesis. The nanoparticles obtained were characterised using X-ray diffraction, ultraviolet-visible spectroscopy, Raman spectroscopy, Fourier transform infrared spectroscopy and transmission electron microscopy. Compared with silver nanoparticles prepared by polyvinylpyrrolidone and ethanol 96%, the bactericidal effect of silver nanoparticles synthesised by dittrichia viscosa is more efficient against bacteria. No toxic solvents were used in the present work; therefore, it is an environmentally safe method with potential for biomedical applications.
Introduction
There is an essential need to develop environmentally benign procedures for synthesis of metallic nanoparticles. The objective is to exploit the biological resources in nature for production of low-cost and non-toxic metallic nanoparticles. A diversity of chemical and physical procedures could be used for synthesis of nanoparticles, including: salt reduction (Pillai and Kamat, 2004) , microwave heating reduction (Patel et al., 2005) , solvothermal synthesis (Starowicz et al., 2006) , electrochemical synthesis (Zhu et al., 2001; Liu et al., 2001) , etc. However, these methods are risky when toxic chemicals were used because of their adverse effects in medical applications. Accordingly, plant extracts were used to develop environmentally benign procedures for synthesis of metallic nanoparticles; [synthesis of silver nanoparticles using cynodon dactylon leaves (Sahu eyt al., 2013) , synthesis of gold nanoparticles using magnolia kobus and diopyros kaki leaf extracts (Song et al., 2009) , synthesis of silver nanoparticles using the seaweed codium capitatum (Kannan et al., 2006) ]. We present in this work a method of synthesis of silver nanoparticles (Ag NPs) by biological mean. The chemical reduction of silver nitrate (AgNO 3 ) using the dittrichia viscosa leaves extract as surfactant is a green method for Ag NPs synthesis. The dittrichia viscosa (inula iiscosa) is a plant originates from the family of asteraceae (Zeggwagh et al., 2006) and different chemical investigations have reported the presence of flavonoids (Grande et al., 1985) , triterpenoids (Simões and Nascimento, 1990; , sesquiterpene lactones and acids Pérez-Alonso et al., 1996; Camacho et al., 2000) . α-costic acid among the major components of the dittrichia viscosa collected at Constantine in Algeria with (15.2%), [isocostic acid (25.1%) , nerolidol (9.6%), linoleic acid (9.1%), neo-intermedeol (7.5%) and fokienol (7.2%)] (Boudouda et al., 2012) . This acid is the only component that can be considered as a surfactant because of its chemical structure (Andolfi et al., 2013) which is identical to that of the surfactant (Figure 1 ). Due to its biological activities, dittrichia viscosa is used in folk medicine in the Mediterranean area (Galya et al., 2010) . Combining between dittrichia viscosa and Ag NPs by a green method has benefit healthy advantages and can reduce dangers caused by chemicals. 
Materials and methods

Extract preparation and Ag NPs synthesis
Fresh leaves of dittrichia viscosa were collected at Constantine, Algeria. For cleaning, the leaves were washed with distilled water and rinsed. Then, 30 g of leaves were ground to a fine powder with an electric blender in 100 ml of ethanol 96%. The mixture was then filtered through a sieve to get a dark green leaves extract. The extract was then used for the synthesis of Ag NPs as surfactant. As precursor, silver nitrate (AgNO 3 ) was chosen for the synthesis of Ag NPs. Ethanol 96% was adopted as reducing agent (Pal et al., 2009) . A flask containing 0.1 g of AgNO 3 , 17 ml of ethanol 96% and 3 ml of leaves extract immersed in an oil bath, the solution was then heated under reflux at 160°C with a constant stirring for 30 min. During the process, the colour of the solution becomes reddish after it was greenish.
Characterisation of Ag NPs
Samples were analysed using a spectrophotometer uv-visible Jasco V-670, Fourier transform infrared spectrometer Jasco FT/IR-6300 and SENTERRA R200L Raman spectrometer. The crystalline structure is determined by XRD analysis on a D8 Siemens advance diffractomter with Cu Kα radiation (λ = 0.15418 nm). The 2θ range was from 30° to 80°. To examine the size and the morphology of the Ag NPs in the mixture, transmission electron microscopy (TEM; Tecnai TF20, BFTEM at 200 kV) was used.
antibacterial tests
The agar diffusion method (Kirby-Bauer) is a relatively quick and easily executed semi-quantitative test to determine antibacterial activity of diffusible antimicrobial agents on treated textile material (Panta et al., 2013; Saravanan et al., 2011) . Bacterial inactivation tests were carried out using escherichia coli (ATCC: 25922) and klebsiella pneumonia (ATCC: 70603) as test organisms. A spectrophotometer (JENWAY 7305) was used to ensure an identical bacterial concentration in each test by measuring the optical density (10 8 cells/cm 3 ). One colony of each bacteria was taken out in a Petri dish and were grown in nutrient broth medium (Müller-Hinton agar: beef infusion 300.0 ml, casein hydrolysate 17.5 g, starch 1.5 g, agar: 17.0 g, pH adjusted to neutral at 25°C). 10 mm diameter discs (3M Petri film) immersed in dittrichia viscosa leaves were used as control fabrics. As test fabrics, discs immersed in Ag NPs prepared by dittrichia viscosa were compared with Ag NPs prepared by PVP and ethanol. These discs were gently pressed on to the surface of the Petri dishes and were incubated in darkness at 37°C for 24 hours . The antibacterial activity of fabrics was demonstrated by the diameter of the inhibition zone in comparison to the control fabric.
Results and discussion
Figure 2 shows XRD pattern of the as-synthesised silver nanoparticles. The diffraction pattern exhibits four peaks at 2θ = 38.11°, 44.27°, 64.42° and 77.47° corresponding to (111), (200), (220) and (311) planes of face-centred cubic silver (PCPDF: 04-0783). The line broadening of X-ray diffraction peaks is primarily due to the small particle size. The average crystallite size obtained by classical Scherer equation with a geometric factor of 0.9 over (111) reflection is 10.5 nm. Figure 3 shows the uv-vis spectra recorded from the aqueous solution of 0.1 g AgNO 3 using dittrichia viscosa leaves extract as a function of the reaction temperature (110°C, 120°C and 160°C). Reduction of AgNO 3 was visually evident from the colour change (greenish to reddish). The insert image shows pictures of sample vials. Ag NPs nanoparticles are known to exhibit a yellowish or reddish colour in aqueous solutions due to the dispersions of Ag NPs and the Plasmon resonance absorption which have characteristic optical absorption in the visible region (Wang et al., 2007) . The total disappearance of the characteristic peaks of dittrichia viscosa (504, 535, 608 and 665 nm) in the reaction at 160°C may be due to a total reaction of the reducing agents. The formation of Ag NPs is confirmed by an absorption peak at 406 nm. Otherwise, a decreasing in the intensity of the dittrichia viscosa peaks in the 110°C and 120°C cases is observed, accompanied by an appearance of a shoulder at 406 nm that could be a result of a partial reaction of the reducing agents. In conclusion, the ideal temperature for a full reaction of reducing agents is that of 160°C. FTIR analysis was used for the characterisation of the changes occurred during bioreduction of Ag NPs in dittrichia viscosa leaves extract (Figure 4) . The FTIR spectra of Ag NPs synthesised at 110°C and 120°C are almost identical and the bands observed are given in Table 1 . The bands at 735, 843, 882, 931, 1,001, 1,019, 1,048, 1,087, 1,169 and 1,231 cm -1 were disappeared by increasing the reaction temperature to 160°C, which may be due to the reaction of organic chemicals derived from dittrichia leaves extract during reduction. The presence of the bands at 1,427, 1,462 and 1,495 cm -1 corresponds to the C-C stretch vibration and the band at 1,675 cm -1 assigned to the carboxylic acids indicates that Ag NPs synthesised may be surrounded by α-costic acid which acts as molecules stabilising the nanoparticles. Regarding the mechanism of biological Ag NPs synthesis, the reaction of the metal ions is possibly facilitated by the ethanol 96% (presented by the band at 1,319 cm -1 corresponds to the C-O stretch of the functional group in alcohols).
Raman spectra were measured with a 532 nm radiation from an argon ion laser as exciting light. Figure 5 shows Raman spectra of Ag NPs as a function of the reaction temperature. Only two peaks are observed in all spectra at about 100 and 140 cm -1 related to the silver lattice vibrations (Martina et al., 2012) . The spectrum of Ag NPs prepared at 160°C presents the highest intensities. The variation in intensity as a function of the reaction temperature gives an indication on the rate of synthesis of nanoparticles in the solution. To get information about the Ag NPs size and shape, TEM measurements were performed. As can be seen from the TEM image shown in Figure 6 (a), the as-synthesised Ag NPs are nearly spherical in shape and the diameters varying between 5 and 25 nm. High-resolution transmission electron microscopy (HRTEM) measurement was also used in order to further investigate the crystal structure of the Ag NPs which gives a fringe spacing of 0.24 nm corresponding to the (1 1 1) lattice planes of metallic silver [Figure 6(b) ]. The selected area electron diffraction (SAED) pattern revealed that the diffraction rings of the synthesised Ag NPs exhibited Debye-Scherrer rings assigned (1 1 1), (2 0 0), (2 2 0) and (3 1 1) lattice planes of the face centred cubic (fcc) Ag. Figure 6 (c) presents the dynamic light scattering (DLS) determination of particle sizes. The X axis shows particle diameter and the Y axis the normalised counts. As seen in this figure and by accounting about 70 particles, the obtained Ag NPs are practically monodispersed with a range of sizes varied from 5 to 40 nm. The average particle diameter of the majority of particles was about 15 to 20 nm. The results illustrated that the Ag NPs are in quasi-spherical shape and quite uniform by using our polyol method with dittrichia viscosa leaves extract. A comparative study between the antibacterial activity of Ag NPs synthesised by dittrichia viscosa and Ag NPs prepared by PVP tested on escherichia coli and klebsiella pneumonia using agar diffusion method is presented in Figure 7 . It was found that Ag NPs in dittrichia able to inhibit the bacterial growth more effectively than Ag NPs in PVP. The inhibition zone formed after antibacterial tests on the culture plates was measured and given in Table 2 . It is clearly observed that dittrichia viscosa leaves extract does not act on bacteria. Ag NPs exerts their antibacterial activities mainly by the released Ag + (Sedira et al., 2014) . In this work, the preparation of Ag NPs by dittrichia viscosa can increase the Ag + release which improves the antibacterial activity of Ag NPs. The action of α-costic acid extracted from the dittrichia viscosa can be explained as follows: the α-costic acid delivers H + which reacts with Ag 2 O to give Ag + ions. Then, the Ag + reacts with the bacteria cytoplasm (increasing H + in the cytoplasm) and leads to a decrease of the local pH of the cell which becomes more acidic (Sedira et al., 2014) .
Equations (1), (2) 
Conclusions
In conclusion, we proposed an eco-friendly method for Ag NPs synthesis using dittrichia viscosa leaves extracts. The proposed method requires only 30 minutes for the bioreduction and by increasing the reaction temperature to 160°C; the reaction rate thus obtained was higher than the reactions occurred at 110°C and 120°C. XRD, FTIR and Raman spectroscopy confirmed the formation of Ag NPs. The particle sizes ranging from 5 to 20 nm and taking spherical structures. The SAED pattern revealed that the diffraction rings of the synthesised Ag NPs assigned to the face centred cubic (fcc) Ag. DLS technique concludes that the obtained Ag NPs are practically monodispersed with a range of sizes varied from 5 to 40 nm. Also, the average particle diameter of the majority of particles was about 15 to 20 nm. Agar diffusion method showed that the antibacterial activity of Ag NPs in dittrichia viscosa against escherichia coli and klebsiella pneumonia is more efficient than Ag NPs prepared by PVP. This environmentally method of biological Ag NPs synthesis can potentially be applied in medical applications. This is another advantage of nanoparticles synthesised using plant extracts over those synthesised using chemical methods.
